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INTRODUCTION
Hole-nesting has been usually associated with selective pressures arising from the thermal environment and the impact of nest predation (Hansell 2000) . Nesting cavities offer conditions of relatively constant temperature and humidity as well as protection from rain, solar radiation and predators. Nesting cavities constitute micro-environments very likely to be colonized by bacteria, decomposers and detritivores due to the presence of faeces and food remains of breeding birds, and by ectoparasites that feed on blood, skin and feathers of avian hosts (Collias & Collias 1984 , Mazgajski 2007b ). Nest ectoparasites feeding on the blood of nestlings and adults constitute an important selective force affecting avian life history evolution as they remove nutritional and energy resources from hosts that could otherwise be used for growth, maintenance or reproduction (Møller 1993 (Møller , 1997 . They may also induce costly immune, inflammatory responses (Møller et al. 2005 , Owen et al. 2009 ) and physiological stress (Martínez-de la Puente et al. 2011) . Accordingly, ectoparasite presence and abundance in nesting cavities may have constituted an important evolutionary factor modulating adaptations of holenesting birds (Heeb et al. 2000 , Tripet et al. 2002a .
There is mixed evidence concerning the impact of ectoparasites on reproductive success in altricial cavity-nesting birds. While some experimental studies have found deleterious effects on nestling growth and survival (Richner et al. 1993 , Heeb et al. 1998 , other have only found weak or absent effects (Bouslama et al. 2002 , Tripet et al. 2002a , O'Brien & Dawson 2008 . These differences among host species and populations may depend on the absolute levels of infestation found in different regions or habitats (Eeva et al. 1994 , Hurtrez-Boussès et al. 1997 , Fitze et al. 2004 . Strong effects are thus mostly found in areas where climate is favourable for arthropod survival and dispersal during and between avian breeding seasons (Dufva & Allander 1996 , Merino & Potti 1996 .
Given the negative impact of ectoparasites on host fitness, there will be selection on hosts to minimize ectoparasite loads through behavioural, physiological and immunological responses (Møller & Erritzoe 1996 , Hart 1997 , Heeb et al. 1998 . One option is the avoidance of nest sites with high ectoparasite loads in order to avoid, or at least reduce, negative effects of parasitism on the survival and condition of offspring (Moore 2002) . Certain studies have revealed associations of old nest material with an increased abundance of certain types of ectoparasites (Mazgajski 2007a , Tomás et al. 2007a , López-Arrabé et al. 2012 ) and bacteria . Some avian species incorporate fresh plant material in order to control nest-dwelling ectoparasites, because their volatile anti-parasitic compounds can delay the development of mites (Clark & Mason 1988 , Malan et al. 2002 , Tomás et al. 2012 or stimulate elements of the immune system of chicks that help them to cope better with the harmful activities of ectoparasites (Gwinner et al. 2000) . It has been suggested that some species like Nuthatches Sitta spp. prefer pine bark as nest material because it contains toxic secondary compounds that may have insecticidal properties (Carroll 1994) , in particular the monoterpene limonene. Limonene (and other plant compounds) repel northern fowl mites Ornithonyssus sylviarum, an ectoparasitic mite (Carroll 1994) . Bauchau (1998) proposed that Pied Flycatchers Ficedula hypoleuca use limonene-rich material from pine trees in order to reduce the abundance of parasites in nests.
Avian hosts may try to compensate for the deleterious effects of ectoparasitism through behavioural modifications (Keymer & Read 1991 , Loye & Zuk 1991 , Hart 1992 , Simon et al. 2005 . One way of compensating may be through parental increases in provisioning rates to the offspring (Tripet & Richner 1997b ) which may affect their future reproduction given the increased cost of current reproduction (Richner & Tripet 1999) . 40 A. Cantarero et al.
Given these fitness costs they may evolve behavioural responses to minimize ectoparasite loads (Christe et al. 1996 , Tripet et al. 2002a , Waite et al. 2012 . The main behavioural defenses against ectoparasites are grooming and nest sanitation (Christe et al. 1996) . Grooming behaviour may be operationally defined as manipulation of the plumage with the bill (Nelson et al. 1977 , Murray 1990 . One of its functions may be to dislodge ectoparasites hiding or residing among feathers (Cotgreave & Clayton 1994 , Waite et al. 2012 ).
Thus both adults and nestlings may groom themselves in the presence of ectoparasites (O'Connor et al. 2010) . In addition to combating ectoparasites on their bodies, birds must defend themselves from parasites in their nests (Clayton et al. 2010) . Nest sanitation (Welty 1982) refers to parental behaviours tending to remove ectoparasites on nestlings or inside the nest materials (HurtrezBoussès et al. 2000) , nest cavity eggshells (Montevecchi 1974) , faecal material (Blair 1941) or dead nestlings (Skutch 1976) . Parents are expected to allocate time to nest sanitation in order to control the load of harmful ectoparasites in the nest material and nestlings (Cantarero et al., submitted) . If such anti-parasite behaviours are time-consuming (Cotgreave & Clayton 1994) , they may reduce the time that a parent bird can devote to foraging and to provisioning offspring. Behavioural adaptations to control and reduce ectoparasite impacts may mainly be detected in host populations where ectoparasites have important effects on reproductive success. That nest sanitation may be important is suggested by the fact that the condition and health of breeding females can determine the rates of ectoparasite infestation (Tomás et al. 2005 , Tomás et al. 2007b , López-Arrabé et al. 2012 . For hole-nesting passerines, fleas, blowflies and mites constitute the most important groups of nest-dwelling ectoparasites (e.g., Merino & Potti 1995 , Rendell & Verbeek 1996 , Allander 1998 . Species of these arthropod taxa are usually not host-specific (Tripet & Richner 1997a , Mazgajski 2007b , Moreno et al. 2009 , López-Arrabé et al. 2012 . Their relative abundance differs according to host species even in conditions of strict sympatry (Bennett & Whitworth 1991 , Bauchau 1998 , Moreno et al. 2009 ). Nuthatches Sitta europaea, Pied Flycatchers and Tits Paridae coexist frequently in European deciduous woodlands and present different prevalences and intensities of infestation by the different ectoparasite taxa (Bauchau 1998 , Moreno et al. 2009 . Mathyssen (1998) found that Nuthatch nests in Sweden contained fewer fleas than Great Tit Parus major nests in similar nest boxes and habitats, and that more fleas were found in nests built of leaves instead of pine bark. Bauchau (1998) found that Great Tit nests showed higher abundances of mites, fleas and blowflies than Pied Flycatcher nests in the Netherlands. One of the factors suggested to explain differences in ectoparasite loads between species is nest design and composition (Bauchau 1998 , Remeš & Krist 2005 , Moreno et al. 2009 ). Unstructured nests like those of Nuthatches offer fewer opportunities for hiding to ectoparasites, and nest composition may affect ectoparasite development through the effects of microclimatic conditions associated with different nest materials (Heeb et al. 2000) . Large amounts of nest material, although of benefit to reduce incubation costs (Moreno et al. 2010) , may collect and retain humidity above optimal levels and attract parasitic arthropods and pathogenic bacteria (Moreno 2012a ). Interspecific differences in ectoparasite abundances could be explained by interspecific differences in nest composition.
We have addressed the implications of ectoparasitism in avian cavity-nesters in a montane oak forest in central Spain with coexisting populations of Nuthatches, Pied Flycatchers and Blue Tits Cyanistes caeruleus that are parasitized by mites Dermanyssus gallinoides, blowfly Protocalliphora azurea larvae and hen fleas Ceratophyllus gallinae (Moreno et al. 2009 ). In this area, Nuthatch nests are composed of pine bark and strips of bark of Cistus shrubs, Pied Flycatcher nests are composed of dry grass, Cistus and pine bark and dry leaves (Moreno et al. 2009 ) and Blue Tits build nests mainly of moss and hair (Cramp & Perrins 1993) . The aim of this study is to explore if differences in prevalence and abundance of ectoparasites between sympatric avian hosts breeding in the same type of nest-boxes can be related to interspecific differences in their nest size, nest composition and cavity microclimate. Furthermore, we aim at detecting if interspecific variation in the incidence and intensity of parental grooming and nest sanitation behaviours is a consequence of the abundance of ectoparasites.
We have explored if: (1) Variation in ectoparasite abundance between host species is associated with interspecific differences in nest size and composition; (2) Avian hosts using pine bark as nest building material (Nuthatches and some Pied Flycatchers) show lower prevalence and abundances of some ectoparasites; (3) Cavity microclimate affects ectoparasite abundance; (4) Behavioural responses to ectoparasites are more frequent in avian hosts with higher infestations. This pattern should occur during both the incubation and nestling periods; (5) There is a trade-off in time allocation between brooding nestlings and nest sanitation behaviours during the early nestling stage.
MATERIAL AND METHODS

Study area and host species
Our study was carried during the springs of 2011 and 2012 in a Pyrenean Oak Quercus pyrenaica forest located in Valsaín (Segovia, 40°54'N, 4°01'W, 1200 m.a.s.l.), where breeding activities in nestboxes have been studied since 1991 (see Sanz et al. 2003 for general description). For details about nest-box design and placement see Lambrechts et al. (2010) . All the nest-boxes are cleaned every year after the breeding season. Scattered pines Pinus sylvestris are found among the oaks while the shrub layer consists mainly of Cistus laurifolius. Breeding activities are followed routinely every year and laying and hatching dates and brood sizes at hatching and at fledging are determined.
The Pied Flycatcher is a small (12 g) passerine bird, which breeds in many forested areas of the Palaearctic region (Lundberg & Alatalo 1992) . It is a summer visitor, which adapts readily to breeding in nest-boxes. Egg laying in the population under study typically begins in late May, and clutch sizes range from 4 to 7 eggs. In our study area Pied Flycatchers incorporate strips of bark of Cistus laurifolius, pine Pinus sylvestris bark and dry grass as nest material (Moreno et al. 2009 ). The female incubates alone and receives part of her food from her mate . Both sexes feed the young. From the first egg, the mean duration of the breeding cycle is 36 days.
The Blue Tit is a small (10 g) hole-nesting passerine of European woodlands, which breeds mainly in deciduous forests (Cramp & Perrins 1993) . It is a resident bird, which adapts readily to breeding in nest-boxes. Egg laying in central Spain typically begins in the second half of April, and clutch sizes range from 4 to 14 eggs (Fargallo 2004) . Blue Tits build their nests mainly of moss and hair. Females incubate and brood the chicks alone, receiving part of their food from their mates, and both sexes feed the young (Moreno et al. 1996 , Fargallo & Johnston 1997 . From laying of the first egg, the mean duration of the breeding cycle is 42 days.
The Nuthatch is a small (23 g) cavity-nesting woodland bird that prefers to build their nests in existing cavities in trees but can also use nestboxes for breeding. Nuthatches narrow the entrance of cavities by plastering mud around it and their nests are composed in our study area mainly of pine bark flakes and strips of bark of Cistus laurifolius. Egg laying in central and western Europe typically occurs during the second half of April, and clutch sizes range from 5 to 9 eggs (Matthysen 1998) . Eggs are incubated by the female alone which receives part of her food from her mate (Matthysen 1998) . In our population, females always cover the eggs with flakes of bark before leaving the nest during incubation. Both sexes feed the young (Matthysen 1998) . From the first egg, the mean duration of the breeding cycle is 48 days.
Ectoparasites
Fleas live mostly in the nest material (Harper et al. 1992) . Only the adults are blood-sucking; the larvae feed on organic matter in the nest (Tripet & Richner 1997a) . Therefore, the number of flea larvae in nests indicates the fecundity of adult fleas (Eeva et al. 1994) . Some authors have demonstrated that fleas have negative effects on Great Tit (Richner et al. 1993 , Christe et al. 1996 , Allander 1998 and Blue Tit reproduction (Tripet & Richner 1997b , Tripet et al. 2002a .
Blowfly females oviposit in the nests in spring. Blowfly larvae live in bird nests and feed intermittently of nestling blood (Bennett & Whitworth 1991 , Remeš & Krist 2005 . These larvae start to develop only after nestlings hatch (Bennett & Whitworth 1991) . In the Pied Flycatcher, the presence of blowfly larvae in the nest is associated with increased nestling mortality (Merino & Potti 1995) and lower growth rate (Eeva et al. 1994 ) of the nestlings. In Blue Tit nestlings, infestation by blowflies is associated with higher levels of stress proteins in blood (Arriero et al. 2008) .
In mites, adult and nymphal stages are haematophagous. Populations build up from very few up to some thousands of individuals per nest during the breeding period; generation time is short. In Pied Flycatchers some authors have observed detrimental effects of mites on host reproductive success (Merino & Potti 1995 , 1996 , Lobato et al. 2005 ). Mites may be present in nest materials even before nestlings hatch and may feed on incubating females (Pacejka et al. 1996) .
Ectoparasite abundance estimation
We studied 34 Pied Flycatcher nests, 11 Blue Tit nests and 13 Nuthatch nests in 2011 and 35 Pied Flycatcher nests, 20 Blue Tit nests and 13 Nuthatch nests in 2012. Nests were processed for estimating ectoparasite abundances. Soon after nestlings fledged (days 17-18 for Pied Flycatchers, days 19-20 for Blue Tits, days 20-26 for Nuthatches), all nests were removed in sealed plastic bags, were weighed on electronic balances with 0.1 g precision to obtain the fresh nest mass (g) and were taken to the laboratory, where they were subjected to arthropod removal in Berlese funnels for 48 h. The content of the jars obtained from Berlese funnels was examined under magnification to estimate of the total number of mites and fleas (adults and larvae). Ectoparasite identification was made with the aid of a stereoscopic microscope (Olympus SZX7). We assume that all mites are hematophagous given their red color as a consequence of the ingested blood (for arthropods collection and abundance estimations see Moreno et al. 2009 ). Blowfly puparia were directly counted in the nest material (Merino & Potti 1996) .
Only in 2012 were all nests subsequently separated into different components. Nest composition was expressed in proportions of mass of the following materials: Cistus bark, dry grass, pine bark and moss.
Nest material microclimatic measurements
Temperature and humidity in the nest material were recorded only during the spring of 2012. Seven days after clutch completion, we placed on the nest box base and under the nest material a climate data logger (Hydrochron DS1923 iButtons, Eclo 2008) inside 35 randomly selected nest-boxes (15 occupied by Pied Flycatchers, 10 by Blue Tits and 10 by Nuthatches). Data loggers were programmed to take measurements every 4 minutes for 11 days so we measured the temperature and humidity inside nest-boxes from day 8 of incubation until two days after chicks hatched. We retrieved our data after the loggers were removed from the nest-boxes. We divided each continuous set of temperature and humidity data into segments of 24 h with daytime beginning at noon, and we then calculated the daily average, maximum and minimum for temperature and humidity.
Video recordings
Behavioural data were taken only during the spring of 2012. Seven days after clutch completion and tucked under the scapulars (Amlaner & Ball 1983) . We obtained the proportion and the mean duration of these behaviours over the time that the female was inside the nest-box. In addition, we also counted the number of incubation feedings by males.
From films during the early nestling phase we obtained hourly provisioning rates by males and females and the amount of time spent by females on "nestling attentiveness", "brooding", "grooming", "nest sanitation" or "sleeping". "Nestling attentiveness" represents the proportion of time spent by the female inside the nest-box. "Brooding" activity is defined as proportion of the time spent inside the nest-box by the female used to cover young nestlings. "Nest sanitation", "sleeping" and "grooming" were calculated in the same way as for the incubation stage.
From films during the late nestling phase we obtained the total hourly provisioning rates by males and females and the amount of time spent by females on "nestling attendance", "brooding", "grooming" or "nest sanitation". All these variables were calculated in the same way as before.
Statistical analyses
Breeding variables, ectoparasite abundances, nest composition and some behavioural variables could not be normalized and were analyzed with non-parametric tests (Kruskal-Wallis tests, STATIS-TICA package) with species as explanatory factor. Hatching success and fledging success were calculated as the proportions of eggs that hatched and the proportion hatched chicks that fledged, respectively. These parameters could not be calculated for Blue Tits and Nuthatches in 2011 as we did not register exactly how many eggs hatched in these species in that year (some nestlings may die and disappear unrecorded during the first days after hatching, see Moreno 2012b). Hatching date for each nest was standardized by subtraction from the annual mean hatching date for the species in the study area. We conducted Spearman rank correlations of grooming and nest sanitation activities with ectoparasite abundances for each host species. Provisioning rates (h -1 ) were normally distributed (Kolmogorov-Smirnov test, p > 0.20 in all cases) and were analyzed with species as explanatory factor and abundances of blowflies, fleas and mites as continuous predictors.
Microclimatic data were analyzed with nonparametric tests (Kruskal-Wallis test) with species as explanatory factor. We conducted Spearman (day 7 of incubation), we filmed inside nest-boxes for 90 min (mean ± SE: 92.67 ± 11.50 min, n = 67) with a cold white light (LED 5 mm) powered by a 3 V battery and a camera (GoPro HD Hero1) mounted on the roof inside the nest-box (35 Pied Flycatchers nests and 20 Blue Tits nests). In order to avoid excessive handling of nest boxes and damaging the nest with the possible fall of mud on eggs, Nuthatches (n = 12) were recorded by a camera (Square SONY 1/3* Super HAD CCD) connected to a 3G H.264 CCTV DVR 1 Tb digital recorder installed on the roof outside the nest-box. Both digital recorders and camcorders were powered by batteries (7.2 Ah 12 V).
Nest-boxes were again filmed two days after the day of hatching of the young (87.45 ± 13.40 min, n = 67) and 8 days after hatching of the young (86.88 ± 17.47 min, n = 67). In two Pied Flycatcher nests all chicks died after day 3 so only basic breeding variables for this nest could be used. All films were recorded at 08:00-17:00 h and the effect of the time of filming was only noted in provisioning rates of large nestlings (effect of time of day in other cases p > 0.20). We excluded the time until the first nest visit by parents (14.35 ± 13.20 min, n = 201). No evidence of stress or unnatural behaviour was observed after the first visit.
Behavioural data analyses
Recordings were displayed in the free VLC Media Player software. From films taken during incubation we estimated the proportion of observation time spent by females inside the nest-box or "incubation attentiveness". Furthermore, we estimated the proportion of time spent inside the nest-box allocated to incubating and turning the eggs or "egg attendance", the mean duration of incubation sessions and recesses and the proportion of time spent on three specific types of female behaviour: "grooming", "nest sanitation" and "sleeping". "Grooming" is the combined time which females spend preening their plumage or scratching themselves (Cotgreave & Clayton 1994) , while "nest sanitation" is any period of active search with the head buried, sometimes deeply, into the nest material (Cotgreave & Clayton 1994) . As scratching by females resting on the nest could not be observed accurately, grooming refers mostly to preening with the bill. We assume that these behaviours in our study population have the functions implied by the terms derived from the literature. "Sleeping" is defined as the time when the beak is pointed backwards rank correlations of numbers of ectoparasites with maximum, mean and minimum temperatures and humidities on the day of hatching. We selected hatching day because it is a biologically important moment in the breeding season and is potentially comparable between different species.
Within each host species, the ectoparasite abundances that were normal or could be normalized through logarithmic transformations were analyzed with General Linear Models (GLM) with year as explanatory factor and hatching date, brood size and nest mass (g) as continuous predictors. If ectoparasite abundances could not be normalized, they were analyzed with non-parametric tests (Spearman rank correlation and MannWhitney U test).
RESULTS
Breeding biology
Breeding parameters differed between species (Table 1) . In 2011, laying date of Nuthatches and Blue Tits was earlier than for Pied Flycatchers, and, in 2012, Blue Tits showed a temporal delay in their laying date compared with the other species (Table 1) . Hatching date also differed between species with Nuthatches and Blue Tits hatching earlier than Flycatchers in 2011, and with Nuthatches hatching earlier than Blue Tits and Flycatchers in 2012 (Table 1) . Host species differed also in clutch size and brood size (Table 1) . We found no differences in hatching or fledging success between species (Table 1, 2012) .
Variation in nest mass and composition among species
Nest mass (2011 and 2012) and composition (2012) differed strongly between species (Table 2) . Blue Tits nests were heavier in 2011 (F = 7.204, p = 0.012) while we found no differences between years for Pied Flycatcher (F = 1.920, p = 0.170) and Nuthatch (F = 0.025, p = 0.876) fresh nests mass. Pied Flycatchers incorporated strips of Cistus and pine bark and dry grass as nest material, Blue Tits built their nests mainly of moss and hair, while Nuthatch nests were composed of pine bark flakes and strips of Cistus bark. Nest mass differed between species (Table 2) with Nuthatches building heavier nests than the other species.
Variation in ectoparasite abundance among species
We have compared ectoparasite prevalences among avian hosts (Table 3 ). An outlying value on mite abundance for a Blue Tit nest from 2012 was excluded from the analysis. The proportion of nests infected by fleas (all p < 0.005) and blowflies (2011, p = 0.039; 2012, p = 0.046) was significantly higher for Blue Tits than for the other species in the two years (Table 3 ). In 2011 Pied Flycatcher and Nuthatch nests showed similar flea prevalences, but Pied Flycatcher nests were less infected by blowflies than Nuthatch nests (Table 3 ). In 2012 blowfly prevalence was similar in both species but Pied Flycatcher nests were less infected by fleas (Table 3) . Mites were present in most nests of the three species during the two years (Table 3) . 44 A. Cantarero et al. We have compared ectoparasitism intensities among avian hosts (Table 4 ). Blowflies and fleas were significantly more abundant in Blue Tit nests (Table 4) . We found no differences between mite abundances among host species (Table 4) .
Flea abundance increased with hatching date and brood size in Blue Tit nests and was higher in 2011 than in 2012 (Tables 4, 5). Blowfly abundance also increased with hatching date in Blue Tit nests (Table 5 ). Neither year, brood size nor standardized hatching date showed a significant effect on mite abundance for Blue Tits (Table 5 ). In Nuthatch nests no association was found between ectoparasite abundances and either year, hatching date, brood size or nest size (Table 6 ). In Pied Flycatcher nests mite abundance showed a negative association with nest size (Table 7) .
Nest material microclimatic data
The nest-boxes of the three species did not differ in thermal variables ( Fig. 1 ; all p > 0.1), but Nuthatch nest-boxes nests tended to have higher mean (p = 0.072), maximum (p = 0.085) and minimum (p = 0.090) relative humidity values than Tit and Flycatchers nest-boxes (Fig. 2) . We found no correlations between flea and mite abundances Associations between hole-nesting passerines and their ectoparasites 45 and microclimatic conditions inside nest-boxes for any host species (all p > 0.1) despite the higher abundance of fleas on Blue Tits (p < 0.005).
Blowfly abundance was negatively related to minimum temperature in Nuthatch nest-boxes (Table  8 ) and positively related to mean and minimum relative humidity in Pied Flycatcher nest-boxes (Table 8) . Blowflies were significantly more abundant in Blue Tit nests (both years, p < 0.05) and their abundance showed no association with microclimatic conditions (Table 8) . We found no correlation of mean, maximum and minimum relative humidity of the nest material with the brood size abundances for any species (Spearman correlation, all p > 0.1).
Antiparasitic behaviours
During incubation, the frequency and mean duration of female grooming behaviour did not differ between species (Table 9) . Incubation attentiveness, egg attendance and the mean of incubation session durations of Pied Flycatchers females were significantly shorter ( Table 9 ). The mean time outside the nest-box was higher in Nuthatches than in the other species (Table 9) . Nest sanitation behaviours were more frequent for Blue Tits and Nuthatches (Table 9) , while Pied Flycatchers and Nuthatches showed shorter mean durations for these behaviours (Table 9) . We found no correlation of grooming or nest sanitation activities with ectoparasite abundances for any host species (Spearman correlation, all p > 0.1). We have found no differences between species in male incubation feeding frequency (Table 9) . During daytime incubation, only Blue Tits and Nuthatches showed sleeping behaviour (Table 9) .
On day 3, nestling attentiveness did not differ between species (Table 9 ). The proportion of time allocated to brooding was significantly lower in Blue Tits than in the other species (Table 9 ). The frequency and mean duration of female grooming behaviour was higher in Blue Tits than in the other species (Table 9 ). Incidence and mean duration of nest sanitation was more frequent and longer in Blue Tits than in the other species (Table  9) . Provisioning rates by males and females were lower for Nuthatches than for the other species 46 A. Cantarero et al. (Table 9) . At this stage, only Blue Tits and Nuthatches showed sleeping behaviour during daytime (Table 9) . On day 9, provisioning rates of Nuthatches were lower than for Pied Flycatchers and Blue Tits (Table 9) . We found no associations of ectoparasites with provisioning rates (Table 10) .
DISCUSSION
We have found in two years significant differences in breeding phenology, nest size and nest composition among three sympatric cavity-nesting passerines breeding in the same type of nestboxes, with Nuthatches breeding earliest and Table 6 . Results of GLM analyses for effects of year, hatching date, brood size and nest mass on blowfly and mite abundance in Nuthatch nests (n=26) (minimal models are selected by backward elimination of non-significant terms) and results of correlations of flea abundance in Nuthatches nests (n=26) with hatching date, brood size and nest mass and Mann-Whitney U-test (year). Table 7 . Results of correlations of blowfly and flea abundances in Pied Flycatchers nests (n=69) with hatching date, brood size and nest mass, Mann-Whitney U-test for differences between years and GLM analyses for effects of hatching date, brood size and nest mass on mite abundance in Pied Flycatchers nests (n=69), controlling for year (minimal GLM models are selected by backward elimination of non-significant terms). building the largest nests, Blue Tits laying the largest clutches and the three species differing among themselves in nest composition. We have also found significant differences in prevalences of infestation by three sympatric ectoparasites, with Blue Tits showing higher values for blowflies and fleas, and mites having around 100% prevalences in the three host species. Intensities of infestation were also higher in Blue Tit nests for blowflies and fleas, with no differences for mites among host species. Nuthatch nest-boxes tended 48 A. Cantarero et al. to show higher humidity while there were no differences in nest-box temperature among the three host species. Incubation attendance patterns differed also among host species with Flycatchers incubating proportionally less of nest-box time and spending shorter periods incubating, while Nuthatch females spent longer periods outside the nest-box. Nest sanitation activity during incubation was less intense in Pied Flycatchers. Blue Tit females spent less time inside the nest-box brooding small nestlings and showed higher frequency of nest sanitation behaviours than the other species, while provisioning rates by males and females were lower for Nuthatches than for the other species at both nestling ages. This is to our knowledge the first study to compare the nest-dwelling ectoparasitic faunas as well as factors affecting them among three sympatric host species. Interspecific studies of ectoparasite faunas have usually concerned Tits and Flycatchers (Harper et al. 1992 , Eeva et al. 1994 , Kedra et al. 1996 , Bauchau 1998 , Moreno et al. 2009 ) and no detailed information about the ectoparasites in Nuthatch nests has been published. The structure and composition of the nests of Blue Tits, Nuthatches and Pied Flycatchers are markedly different, but their effect on ectoparasites is poorly understood. Ectoparasites may be affected by volatile compounds generated by the nest material or through the microclimatic conditions derived from nest properties. The evidence that pine bark in nests may have insecticidal properties is reviewed in Bauchau (1998) and Mathyssen (1998) . The bark of these trees contain many compounds with insecticidal properties like limonene that may act as protection against pathogens and herbivores (Pearce 1996) . In contrast to the results reported by other authors on northern fowl mites (Carroll 1994) and cat fleas (Hink & Fee 1986) , the Nuthatch nests that were built mostly of pine bark had not fewer mites or fleas than other nests. However, the preferences for different materials may be unrelated to ectoparasitism. Moreno et al (2009) showed that ectoparasites prevalences in Pied Flycatcher nests were independent of nest type (constructed by themselves or Blue Tits) and suggested that interspecific differences in ectoparasite prevalences on hosts are probably related to factors other than nest composition. Remes & Krist (2005) arrived at similar results in an experimental study with nests of Collared Flycatchers and Great Tits. Larger nests have been shown to be advantageous to reduce incubation costs for Pied Flycatcher Species females in our study area (Moreno et al. 2010 ).
Here we show that large nests may contain fewer mites as well. It has been shown that mite abundance in Pied Flycatcher nests is unrelated to the presence of old nest material in contrast to fleas and blowflies (López-Arrabé et al. 2012 ) which again suggests that mites do not benefit from the presence of large amounts of nest materials in nest-boxes. The effects of ectoparasites seem to vary over time and also among host populations, which implies that they may interact with other environmental factors (Allander 1998) . It is known that weather conditions determine patterns of prevalence and abundance of ectoparasites (Merino & Potti 1996) . According to some studies an abiotic factor like nest humidity within nests could affect ectoparasite infracommunity structure (Heeb et al. 2000 , Remeš & Krist 2005 . Furthermore, brood size could partly explain variation in nest humidity (Dubiec & Mazgajski 2013) due to the e.g. higher evapotranspiration from the metabolism of larger broods. However, we found no association of nest material humidity with brood size for any host species. Here we show a lack of association between flea and mite infestations and nest-box microclimate. Only blowflies were apparently affected by temperature and humidity inside the nest-box. This may be due to the active search of optimal conditions for larvae by blowfly females, while mite and flea dispersal is more passive (Harper et al. 1992 , Tripet et al. 2002b , Bajerlein et al. 2006 . Humidity in the nest-box was positively related to the abundance of blowflies in Pied Flycatcher nests. Bennet & Whitworth (1991) have shown that there was no effect of humidity on the rate of development of blowfly adults but, at the same temperature, the survival of pupae of some species of Protocalliphora was lower in extremely humid conditions. Thus, blowflies could be attracted to more humid Flycatcher nests in order to avoid desiccation. Intraspecific differences in parasite prevalence within the same region and habitat type have normally been attributed to host traits, including disease resistance ability, age, breeding cycle, and behavioural antiparasite mechanisms (Møller 1997) . Antiparasitic behaviours like grooming and nest sanitation may constitute some of the main defenses of breeding birds against ectoparasites which may partly compensate their potentially pathogenic effects on adults and nestlings (Christe et al. 1996 , Hart 1997 , Tripet et al. 2002a ). Ectoparasites present in the nest during incubation are mainly mites and fleas. In fleas only the adults are blood-sucking (Harper et al. 1992) . Host females groom themselves as a direct response to the attachment of these ectoparasites on their skin and plumage (Cotgreave & Clayton 1994) . However, ectoparasite loads during incubation may not be so different between species to determine interspecific differences in grooming behaviour, which were not found. Blowflies may lay their eggs in the nest material when the nestlings hatch with resulting fly larvae intermittently feeding on nestling and brooding adult blood afterwards (Rognes 1991) . The emergence of large ectoparasites such as blowfly larvae could induce a significant change in female behaviour.
The function of nest sanitation behaviour by introducing the bill in the nest material has been debated (Haftorn 1994) . One possibility is that birds actually destroy and even consume ectoparasitic arthropods (Rothschild & Clay 1952) . We have actually filmed two instances in which a Blue Tit female collected a fly larva from the nest material and immediately flew out of the nest-box carrying the larva in her bill (films available on demand). Nest sanitation could also be used to chase blowfly larvae or adult fleas away from their own body or that of their nestlings, thereby preventing them from biting or laying eggs (we have actually filmed one Blue Tit and one Pied Flycatcher female capturing a searching blowfly and flying out of the nest-box with it in the bill). It is known that females of Great and Blue Tits (Christe et al. 1996) and Pied Flycatchers (Cantarero et al., submitted) exhibit nest sanitation, but it has never before been described in Nuthatches. Our behavioural interspecific differences based on higher rates of nest sanitation in the species, the Blue Tit, with the highest rate of ectoparasite infestations are consistent with several previous studies (Christe et al. 1996 , HurtrezBoussès et al. 2000 , Tripet et al. 2002a ) who showed that Blue Tit females spent more time in nest sanitation when nests were infested. This suggests that this behaviour may have evolved in response to ectoparasites and that females could thereby minimize the fitness costs associated with ectoparasite infestations (Richner et al. 1993 ). However, we could not detect any intraspecific trends in nest sanitation activities with ectoparasite abundances. Only experimental studies (Hurtrez-Boussès et al. 2000; Cantarero et al., submitted) may be able to tease out such associations.
The difference in the time invested in behavioural defences indicates that females may be able to choose to increase the amount of time allocated to the control of nest ectoparasites. If variation in 50 A. Cantarero et al. parasite abundance is obvious to attending parents, we should expect that, compared with the other species, Blue Tits should allocate more time to anti-parasite behaviours and restrict the time spent on brooding chicks or sleeping (Tripet et al. 2002a) , or foraging and provisioning nestlings (Christe et al. 1996) due to the higher infestations in their nests. We found that, because of their greater investment of time in behavioural defenses, Blue Tit females reduced the proportion of time spent in the nest-box brooding compared to Pied Flycatcher and Nuthatch females, but not with respect to total nestling attendance. Species vary widely in their incubation rhythms (Kendeigh 1952) , but the underlying causes of this variation remain obscure. Our results show that the mean duration of incubation sessions is lower in Pied Flycatcher females than in the other species and that they do not sleep while on the nest in contrast with the other species. Conway & Martin (2000) have suggested that nest predation could have affected the evolution of passerine incubation behaviour. The more restive incubation behaviour of Pied Flycatchers may be associated with higher levels of risk of predation at the nest for females of this species in the evolutionary past (Martin 2002) .
Blue Tits and Pied Flycatchers parents showed higher provisioning rates than Nuthatches throughout the nestling period. The fact that females of these two species have different time allocations inside the nest-box to nest sanitation but maintained similar provisioning rates suggests that the time costs of these behaviours are not sufficiently important to reduce the time available for foraging or provisioning nestlings (Rogers et al. 1991 , Tripet et al. 2002a , Nilsson 2003 .
To conclude, generalist ectoparasites infest nests of avian cavity-nesting passerines as a response to different factors exhibited by host species. However, differences in nest composition among host species may not be the main factor explaining ectoparasite prevalences and abundances, while nest size, breeding phenology, brood size and nest-cavity micro-climate may all affect levels of infestation in different ways for each host-parasite association. Grooming and nest sanitation is exhibited by all host species but is more intense in the host species with highest infestation levels. Further studies are required to experimentally tease out the relative importance of different factors explaining the marked differences among similar host species in infestation levels of different generalist ectoparasites.
STRESZCZENIE
[Czynniki wpływające na obecność i liczebność ektopasożytów w gniazdach trzech sympatrycznie występujących gatunków dziuplaków] Dziuple i znajdujące się w nich gniazda stanowią środowisko bardzo chętnie kolonizowane przez ektopasożyty, które odżywiają się krwią samicy wysiadującej jaja oraz piskląt. Biorąc pod uwagę negatywny wpływ ektopasożytów na pisklęta
